Aleurodicus cocois (Curtis, 1846), the coconut whitefly, is a very damaging pest in Peru, mainly in avocado trees (Persea americana Mill.). It has been determined that entomopathogenic fungi can infect and kill white flies and can be used as biological control agents. The object of this research was to determine if there is any synergic action of the entomopathogenic fungi Paecilomyces fumosoroseus (Wize) Brown & Smith 1957 and Verticillium lecanii (Zimmerman, 1892) Viégas 1939, in controlling A. cocois. Plastic sterile dishes were prepared where 5 mL 2% agar were used for each stage; leaves infested with A. cocois were placed upon these. Three different treatments were applied by sprinkling: P. fumosoroseus (P), V. lecanii (V) or the mixture of the two fungi. These treatments were evaluated at one, two and seven days in the case of nymph I and eggs, and after four, eight and 12 days for nymph II, NIII and NIV. The lethal effect of V. lecanii on the second nymph instar of A. cocois was better than that of P. fumosoroseus and than the mixture of both fungi; the highest mortality percentage appeared from day eight to day 12. A small increase was observed in the effect of the mixture of the two entomopathogenic fungi on the IV nymph instar, and the effect of P. fumosoroseus was the lowest.
INTRODUCTION
Peru is one of five countries of the world which have the highest biological diversity: the fauna in general and the Aleyrodidae (Hemiptera) family are very well represented. The species of this family were not primary pests as a rule, in spite of occasional outbreaks, such as that of the citrus woolly whitefly Aleurothrixus floccosus Maskell 1895 , in 1954 , 1962 and 1967 (Soto and García, 2002 , the cotton whitefly Bemisia tuberculata Bondar 1929 Bondar (1956 Bondar , 1962 Bondar , 1970 Bondar and 1988 Blatta, 2001 ), the tobacco whitefly Bemisia tabaci Gennadius 1889 (1989 , 1995 Blatta, 2001 ) and the giant fruit fly, also called coconut whitefly (1984 -1998 Núñez, 1998) . During the past 20 years, they have become key pests in some crops, and from 1994 crops of great economic importance such as market-garden produce, cucurbitaceae, leguminoseae, cotton, rice and fruit have been severely attacked by whiteflies (Nuñez, 1995; . Valencia (2000) points out that monoculture covering large surfaces, the capacity of the Geminiviridae family to transmit viruses and the excessive use of organosynthetic pesticides have largely contributed to the growing effect of whiteflies upon several Peruvian crops.
The giant fruit whitefly or coconut whitefly is a very damaging pest in Peru both to fruit trees and ornamental plants . It mainly at-o 1 -2008 tacks avocado plantations and has become the second pest in economic importance in the country, after B. tabaci (Gómez et al., 2000) . The main hosts of A. cocois in Peru are: mango (Mangifera indica L.), bananas (Musa balbisiana Colla), vines (Vitis vinifera L.), Brazilian pepper tree o molle de la costa (Schinus terebinthifolius Raddi), ficus (Ficus nitida Thunb.) and eucalyptus (Eucalyptus spp.). (Duke, 1983; Morton, 1987; Reátegui and Núñez, 1998; Valencia, 2000; Liceras and Clemente, 2006; Evans, 2007) . During severe outbreaks, the characteristic whitish secretion can cover the whole underside of the leaves, as happens in mangoes and Brazilian pepper trees. The damage has reached economic importance in pecans (Carya illinoinensis (Wangenh.) K. Koch) and vines (at Ica, 12º12t o 13º35´ S; 75º20´ to 76º12´ W, Peru) and mangoes (at Ica and Piura, 4º and 6º S; 79º and 81º W, Peru). The most heavily attacked ornamental species are the Brazilian pepper tree, mulberry (Morus alba L.) and eucalyptus (Valencia, 2000) . This insect is present along the whole coast and part of the forest of Peru, especially in Iquitos (Valencia, 2000; Valencia et al., 2000) . Morton (l987) and Valencia (2000) mention its presence in the Caribbean, Center and South America. Unfortunately, and in spite of the great economic importance it has reached in time, A. cocois is not a widely researched species and little is known about the best control strategies.
Many fungi affect the whitefly complex, the most important are the genera Verticillium, Paecilomyces and Aschersonia. It has also been determined that the entomopathogenic fungi, especially deuteromicetes, can infect and kill all whitefly stages, and therefore could be used as biological control agents. Deuteromicetes are characterized by reproducing mainly by asexual spores (conidia). One of the great advantages of deuteromicetes is that they can be cultured very easily in artificial media, even in easy to obtain and low cost oligidic media. Therefore, they are one of the groups with greater potential as biological control agents in Integrated Pest Control programs.
Paecilomyces fumosoroseus has been recognized for over 20 years as one of the most important biocontrol agents against aleirodids pests in field and greenhouse crops (Valencia, 2000) . The fungi cover the dead bodies with slight mycelia threads and stick them to the underside of the leaves. The nymphs show a "feathery" aspect and are surrounded by mycelia and conidia (Shannon, 1996) . The Paecilomyces has a great potential for the control of whitefly, and causes the sickness called "Yellow Muscardine" (Nuñez, 1995) . The study of P. fumororoseus as control agent is important as it is very effective in nature, it grows extensively on the leaves with great ease in humid conditions, therefore multiplies very quickly upon the whitefly population.
On the other hand, Verticillium lecanii is a wide spectrum entomopathogenic fungus (Rodríguez Dos Santos and Del Pozo Núñez, 2003) . It can be seen on nymphs and adults, stuck to the leaf underside by means of a filamentous and somewhat crystalline mycelium (Shannon, 1996) . V. lecanii is a widely distributed fungus, which can cause large epizootia in tropical and subtropical regions, as well as in warn and humid environments (García and López, 1997) .
It has often been verified that the joint action of different entomopathogenic organisms results in a synergic effect (Cloyd, 2001; Zurek et al., 2002 Kuschel, 1956 (Glare and O´Callaghan, 2000) . Therefore, in many cases it has been considered advantageous to apply a combination of organisms, which has been shown to be economically advisable as control becomes much more effective (Cloyd, 2001 ).
The objective of the present research was to assess the mortality caused by the entomopathogenic fungi P. fumosoroseus and V. lecanii, both singly and combined, on the different stages of A.cocois in laboratory conditions.
MATERIALS AND METHODS
This research was carried out in the Bioassays and Inoculated Insects environment of the Entomopathogens Laboratory belonging to the National Biological Control Program of the National Agrarian Health Service (PNCB-SENASA), Ate Vitarte, Lima, Peru. The present study is a probabilistic (aleatory) sampling, experimental and on a linear time variable.
Establishment of the A. cocois breeding About 150 to 200 A. cocois adult specimens were collected from eucalyptus trees around the fields of PNCB-SENASA (12º02' S; 77º01' W), with the help of a plastic tube, 15 cm long and 2 cm in diameter and a thin brush. In order to recognize stages and periods of the A .cocois life cycle and assure a source of specimens for the assays, it was established a rearing area with four 1 m 3 cages covered with anti-aphid net, each containing 10 Brazilian pepper tree plants, 90 cm high. 150 to 200 adult A. cocois specimens were placed in each cage, until the time that eggs were laid on the leaves. On the day following the infestation, colored tags were placed upon the leaves with freshly laid eggs, using a different color for each oviposition date. After assessment of these results to increase the population, adult specimens were collected from leaves of Brazilian pepper trees at the Magdalena del Mar District, Lima, Peru.
The II instar of the nymph was inoculated four months afterwards. To this end, 150 to 200 adult whitefly specimens were collected from the cages, with the help of a plastic tube and a brush. The collected specimens were employed for infestations every 15 days. Two S. terebinthefolius plants, approximately 35 cm high, were placed in each of five acrylic cages, 36 x 32 x 39 cm, with 24 x 10 cm spaces covered with anti-aphid net in three of the four sides of the cages; the fourth side had a sliding door. The breeding cages were kept in the "Inoculated Insects" section, with temperature 25 ºC, humidity 75% and controlled light conditions (10:14), irrigating the plants once a week.
Entomopathogenic fungi
The fungi P. fumosoroseus and V. lecanii were obtained from the Entomopathogenic Fungi collection of the PNCB Laboratory (Gómez et al., 2000) . The main provenance characteristics are shown in Table  1 . Twenty whitefly III and IV nymphs of the first generation bred in cages were caught at random, and the corresponding reactivation was done using 10 individuals for each of the two fungi species.
Once the nymphs were infected by the fungus, they were placed in a humid chamber to promote sporulation. After sporulation, a sample was taken with a pointed spreader, and the monoculture of each of the fungi was done using a Sabouraud dextrose agar medium (SDA) acidified at 25 ºC, under permanent light. A concentration of 3 x 10 5 spores mL -1 was obtained from the original culture. Of this, 3 µL were taken and deposited on the upper end of one of six lines previously marked on the back of the Petri dish, and the inoculum was spread upon those with the help of an inoculating loop. After incubation of the dish at 25 °C during 24 h, spore germination was observed using an optical microscope (Zeiss, B#3 Reichert MicroStar 4, Hicksville, New York, USA) with 10X objective; later the area was marked using the 40X objective, and the agar block was cut with a scalpel, this was cultured in acidified SDA medium (1 mL lactic acid at 44% for each 100 mL) and incubated at 25 ºC under constant lighting. The storage of the fungi spores was done in 10% glycerol, temperature -25 ºC. The monoculture, collection and storage techniques were those developed by Estrada et al. (1997) . The best resulting colony was propagated upon dishes and used as source for the assays.
Election of the medium in which to establish the bioassays A preliminary test was carried out to determine the best bioassays medium. A humid chamber was prepared, placing leaves of approximately 2 cm 2 infested with A. cocois nymphs, alternatively upon: 1) one cotton wetted with distilled water (TA), 2 cottons wetted with distilled water (2TA), or (3) upon agar-water 0.1% medium (TAG). Four replications of each treatment (TA, 2TA, TAG) and one control (T) were done and placed in the chamber. 
Execution of the fungi and whiteflies bioassays
Three treatments were applied to each stage (egg, nymph I, II, III and IV) of the pest, and one control, with four replications of 10 specimens each. Spores of the respective fungi were diluted down to a concentration of 10 8 conidia mL -1 ; this was verified by means of direct counting of conidia as indicated by Gómez et al. (2000) . The effective dose of entomopathogenic fungi spores applied upon A. cocois followed the indications of Alean (2003) . Leaves infested with A. cocois were cut and separated according to the corresponding stage and the products were then applied.
The suspensions to be applied (200 mL each) were prepared in 1 and 1.5 L plastic bottles as follows: distilled water (control); solutions with conidia of each of the entomopathogenic fungi and one mixture of both treatments, each fungus bringing 50% of the total of spores, adding Tween 0.1% to the treatments and to the control. A nozzle was placed on each of the bottles, and the contents were sprayed upon the leaves with nymphs and/or eggs, according to the assigned treatments. The suspension volume sprayed in each treatment was 4.0 ± 0.5 mL. Finally, the leaves were placed upon the agar in the dishes, and remained under the same breeding conditions in the "Inoculated Insects" area. Evaluations were carried out by direct observation and with the help of a stereoscopic microscope (Zeiss, S# 4 Olympus VM-1, Hicksville, New York, USA) at 1, 2 and 7 days for the eggs and nymph I, and at 4, 8 and 12 days for nymphs II to IV. The insects showing hifal growth were considered as killed by the fungus (Badilla et al., 1996; Gómez, 1999) .
Statistical analysis
An ANOVA variance analysis was performed to determine the medium in which the essays would be carried out. An angular transform of the data was done, using the arc cosine of the square root of the mortality percentage before the analysis, to stabilize the variance error (Zar, 1996) . Tukey's test (P = 0.05) was performed when significant differences appeared among the treatments. The mortality percentages of the essays to determine the effect of the two entomopathogenic fungi upon the eggs and I to IV nymphs of A. cocois, were transformed to the arc cosine of the square root before the ANOVA and the Levine test (Zar, 1996) . From the later it was determined that, in spite of the transformation, the data did not show normal distribution, therefore, the mortality percentages were subjected to the equivalent Kruskal Wallis non parametric test (Zar, 1996) , comparing the data among treatments and among exposure periods for each stage. Descriptive and inferential statistical calculations were done using the SPSS 13.0 (SPSS, 2003) program. The Abbot formula was used in all cases where the mortality percentage of the control was different from zero (Abbot, 1925) .
RESULTS

Election of the medium to establish the bioassays
The A. cocois mortality percentage on agar-water plaques was 46.7%; with two cottons of 70,5% and with one cotton of 86% ( Table 2 ). The percentage of dead specimens on the agar-water medium was different from all others. The mortality percentage on the two other treatments was equal to the mortality percentage of the control; therefore it was decided to carry out the essays on the agar-water medium.
Comparison among fungal treatments Eggs. All treatments showed the same pattern; there were no effects during the first days and high mortality percentages were reached on the seventh day, without differences between the fungi, either separated or mixed (Table 3) . Nymph I. All treatments produced initially some degree of mortality as compared to the control, although V. lecanii killed less specimens than the other two treatments. All the treatments produced high rates of mortality on the seventh day, with no differences among them (Table 3) . Nymph III. The combined treatment was deadlier than the other two at the start (day 4), but the three treatments became equal on the 12 th day (Table 3) .
Nymph II. The effects could only be detected from the eight day onwards. At the end of the evaluation, the most effective treatment was that of V. lecanii and there were no differences among the rest of the treatments (Table 3) . Eggs T 0 ± 0a 0 ± 0a 0 ± 21.6a P 0 ± 0a 0 ± 0a 75 ± 5.8b V 0 ± 0a 0 ± 0a 82.5 ± 15b PV 0 ± 0a 0 ± 0a 77.5 ± 5b K-W value NS NS 9.30 Sig. NS NS 0.008 Nymph I T 0 ± 0a 0 ± 0a 0 ± 20a P 12.5 ± 18.9b 20 ± 18.3b 87.5 ± 15b V 0 ± 0a 0 ± 0a 87.5 ± 25b PV 12.5 ± 5b 17.5 ± 10b 72. Nymph IV. There was no clear tendency in this stage. Initially (day 4) the best treatment was V. lecanii alone, but the three treatments became equal on the 8 th day, while towards the end (day 12), only the V. lecanii and combined treatment produced mortality, and the treatment with P. fumosoroseus showed no differences with the control (Table 3) .
Comparison among exposure times
Concerning the exposure period, for the eggs the effect showed up on the 7 th day only, no effects were perceived on the 1 st and 2 nd days (Table 4) . On the other hand, for Nymph I, all three treatments showed a significant effect on the seventh day. For Nymph II, the greatest effect of mortality due to fungi was registered on day 12, and only for the mixture of entomopathogenic fungi were there effects on the eight day. Concerning Nymph III, the mortality percentage under the two fungi across time was similar, that is to say, were no variations in any of the cases. The same happened in the case of Nymph IV, except that there was a statistical difference in the case of combined fungi on day 12. Table 4 . Effect of Paecilomyces fumosoroseus and Verticillium lecanii on mortality (%) of eggs and nymphs I-IV of Aleurodicus cocois in three periods of exposure. 
Global analysis
In the nymph I and nymph II stages, mortality appeared during the first days with the application of de P. fumosoroseus, while V. lecanii had less effect on the specimens, but this changed for the nymph III and nymph IV stages.This could be due that the first and second instar nymphs are more susceptible at the beginning to P. fumosoroseus than the nymph II and nymph IV stages, but that in time V. lecanii causes a higher mortality in nymph I and nymph II. The only stage where a significant percentage of development of the mixture of the two fungi was nymph IV (Tables 3 and 4) .
DISCUSSION
The developmental stage of the whitefly influences its susceptibility to infection, as the pathogen does not affect it equally in all its stages (Torres and Cárdenas, 1996) . V. lecanii infested B. tabaci in the nymph period, especially the nymph II stage (Shannon, 1996) , but does not affect the pupae, adults nor eggs. Candido (1999) stated that the susceptibility of B. tabaci to P. fumosoroseus is very low. However, some P. fumosoroseus lines infest the nymphs, pupae and adults of this insect (Torres and Cárdenas, 1996) . Ramos et al. (2000) mention a mortality of 37.7% on the eggs of B. tabaci on the 8th day after the application of B. bassiana. On the other hand, it has been found that the control of T. vaporarium eggs with Aschersonia aleyrodis Webber, 1897 (Fransen et al., 1987) was not efficient, and neither with V. lecanii (Fransen, 1990) . For this reason at 1 and 2 days from infection no symptoms were detected on the eggs (Table 3) . Generally speaking, for these two exposure periods, the mortality percentages of the eggs was lower than that appreciated in the nymph I and nymph II stages, this could be due to the physical barriers belonging to the corium (Ramos et al., 2000) , and that the proteases produced by the entomopathogenic fungi would not have initially the same effect on the corium of the eggs than on the cuticle of the insect nymphs (Badilla et al., 1996) . However, the Kruskal Wallis test for the eggs and for the nymph I stage of A. cocois shows significant effects of the three treatments at 7 days after the exposure (Table 3) .
B. bassiana showed effectiveness between 78.2 and 89.5% on the 8 th day, for the control of the first instar nymphs of B. tabaci (Ramos et al., 2000) . These percentages are within the range obtained in this study for A. cocois on the 7 th day of exposure. Similarly, B. bassiana showed effectiveness between 79 and 95% for the control of A. floccosus eggs and nymphs of A. floccosus in laboratory conditions (Santamaría et al., 1998) . Morales and Cardona (1996) determined that the first nymph stages of T. vaporariorum and B. tabaci are the most susceptible to entomopathogenic fungi, and this resembles the present results. On the other hand, Sánchez and Belloti (1997) state that the second instar of Aleurotrachelus socialis bordalis Bondar is the stage most susceptible to B. bassiana. This shows the high susceptibility to entomopathogenic fungus of this stage. Osborne et al. (1990) affirm that the third nymph instar is less susceptible to infection that the second, this also supports the results obtained (Table  3 ). According to Gómez (1999) , V. lecanii is the most effective pathogen upon A. cocois, in laboratory as well as in greenhouse and field conditions However, according to Alean (2003) , the A. socialis nymph III shows the highest mortality percentages for V. lecanii.
Using one application of V. lecanii on A. socialis, Alean (2003) obtained a 82.5% mortality of the eggs, and of 58.5% for the third instar nymphs, very similar to the results obtained on this study, but differed from the results observed for nymphs I, II and IV in A. cocois, because the mortality percentage of A. socialis in each stage was nymph I: 60.4%; nymph II: 72%; and nymph IV: 61.5%.
At the beginning there was low mortality effect on A. cocois nymphs I and II by V. lecanii, this changed from nymph III to nymph IV (Table 3) ; therefore the nymph I and II stages would be more susceptible to P. fumosoroseus at the beginning as compared to nymphs III and IV. But V. lecanii caused a higher mortality in nymphs I and II (Table 4) . Vidal et al. (1997) demonstrated that P. fumosoroseus is highly pathogenic for B. argentifolii instar II, between days 5 and 7, and Landa et al. (1994) registered that P. fumosoroseus can develop very rapidly both upon B. argentifolii and T. vaporariorum. Badilla et al. (1996) show that in the nymph IV stage of B. tabaci the effectiveness percentage can reach 100% for P. fumosoroseus and 91% for V. lecanii at 20 ºC; on the contrary at 25 ºC (temperature of the present experiment) it can be slightly less, up to 89.3% for P. fumosoroseus and 91.2% for V. lecanii. These results would explain the higher mortality percentage observed for V. lecanii on nymph IV as compared to P. fumosoroseus (Table  3) .
The synergic effect observed on many occasions for the combined action of different entomopathogenic organisms for the control of insect pests (Glare and O´Callaghan, 2000; Cloyd, 2001; Solter and Wraight, 2001; Zurek et al., 2002) was not observed in the present study. Generally speaking, the combined treatment of P. fumosoroseus and V. lecanii did not produce a higher mortality percentage upon A. cocois eggs and nymphs than the separate treatments (Table 3) . Therefore, it is not considered convenient nor economical to use a combination of these two entomopathogenic fungi for the control of A. cocois, as it has been demonstrated that, except for a slight increment of the effect of both fungi upon nymph IV, the combined control is no more effective, in any other development stage, than the use of both fungi separately.
CONCLUSIONS
The effect of the entomopathogenic fungi alone or combined is similar for the control of the A. cocois eggs, nymphs I and III. But there is an increase of the effect of P. fumosoroseus upon nymph I on the second day. The effect of V. lecanii upon the second nymph stage of A. cocois was better than that of P. fumosoroseus and that of the fungi mixture, since the highest mortality percentage occurred from the eight to the twelfth day. Only in the case of the IV nymph stage was there a slight increment of the effect when combining the two entomopathogenic fungi.
Efecto de dos hongos entomopatógenos en el control de Aleurodicus cocois (Curtis, 1846) (Hemiptera: Aleyrodidae)
R E S U M E N
Aleurodicus cocois (Curtis, 1846), la mosca blanca del cocotero, constituye una plaga muy importante en el Perú, principalmente en el palto (Persea americana Mill.). Se ha determinado que los hongos entomopatógenos pueden infectar y matar a la mosca blanca, por lo que podrían ser usados como agentes de control biológico. El objetivo del presente trabajo fue determinar si existe alguna acción conjunta de dos hongos entomopatógenos Paecilomyces fumosoroseus (Wize) Brown & Smith 1957 y Verticillium lecanii (Zimmerman, 1892) Viégas 1939, en el control de A. cocois. Para ello se prepararon previamente placas de plástico estériles en las que se sirvieron aproximadamente 5 mL de agar al 2%, donde se colocaron hojas infestadas con A. cocois, aplicándose tres tratamientos por aspersión: P. fumosoroseus (P), V. lecanii (V) y la mezcla de los dos hongos, los cuales se evaluaron en el caso de Ninfa I y huevos después de uno, dos y siete días, y para las Ninfas II, NIII y NIV cada cuatro, ocho y 12 días. El efecto de mortalidad de V. lecanii sobre el segundo estadío ninfal de A. cocois fue mejor que P. fumosoroseus y que la mezcla de ambos hongos, ya que el mayor porcentaje de mortalidad se presentó desde el octavo día hasta el día 12. En el caso del IV estadío ninfal se observó un ligero incremento en el efecto al combinarse los dos hongos entomopatógenos evaluados, siendo menor el efecto en P. fumosoroseus.
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